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Abstract

The purpose of this study is to investigate the mechanical properties and carbonation resistance of concretes using
lightweight aggregate coated surface finishing materials. To evaluate the mechanical properties and carbonation
resistance of concrete, slump, air amount, air-dried unit volume weight, compressive strength, and carbonation depth
are tested. In terms of the unit volume weight of concrete, air-dried unit volume weight of concrete using coating
lightweight aggregate was measured as 1,739~1,8()6kg/m3. When using coating aggregate, compressive strength of
concrete at 28 days was measured as much as 82.7~95.9% of the compressive strength using non—coating aggregate.
It is found that compressive strength tends to decrease with coating lightweight aggregate. However, all concretes
using coating lightweight aggregate except O-LWAC satisfied the criteria for 28-day compressive strength suggested
in KS. The measurement of carbonation depth when the water-repellent agent was used found that carbonation depth
was reduced by as much as 26~6.1%. On the other hand, when using polymer waterproof agent, carbonation depth
was reduced by as much as 86~12.0%. Consequently, to improve carbonation resistance, polymer waterproof agent
was more effective than water-repellent agent. In particular, epoxy showed the most outstanding performance.

Keywords : lightweight aggregate concrete, coating lightweight aggregate, carbonation, surface finishing materials

LA & A2 oA Qe
oI5 a2k SIskel HEAY Aol AT 9l
1.1 9ol 8% ou}, AFEAY IO Q) BAl] §480] 5

egd AdTF2EY YRS FAYES TR 7Ih12] ZAEEY YSAES AstA7IH HAEE
ARERH) weh ZAEEY T0% oS AAshs 2AE EO d9¥e mAHE], 58] AFEAY Wi =s
o] ffaf FEEE A AQFF ofFeiH L glok. B TARS R OR QIS AFEAEAE: B
o2 QI HAZAL] ad o] st glow, g ZAE|EC| Hg| Tkt o WA dEs EAIR]
g2 QIR ARl ZAIE WAL Qlck, SRR lrH4l
Aol w2, Pyt M A 7heet I oF o2t PAME SEslaAl, HAEEAE 232E &
& ek f, 209 olujell gt SALA7Iel AF W nRAR It TAe] e AMATIAL 22

2|ES] AL EE A D7 A ATHSL

Received : July 25, 2013

Revision received : October 29, 2013 SHARE o]2fRt At T :’E](COEIUHQ AeFEAler =
Accepted : November 11, 2013 Y ES ETA EAG], =Zg3l[7]o] T3t FHrhito]
* Corresponding author : Kim, Young-Su o2l AL W EMA}S s L nE3} AFo
[Tel: 82-51-510-2443, E-mail: kys@pusan.ac.kr] FFelits & ealstel et dte v dAel
(©2014 The Korea Institute of Building Construction, All o3t IHoA|, B AjoM= IY HHFEAE AR

rights reserved.

21



A Study on Carbonation Resistance of Concrete Using Surface-coated Lightweight Aggregates

gt 325 diste] 21 i‘%‘xﬂgl ol mhe etk
APdE EE 78‘%%1%]1—3—331 E, HEZAsEs} Hl
.

&9 < [5 6]°1W =AY FE A
AL A A S

o] FAUIGA|(E

A, %*é%*#ﬂl, RN
0|} o] & Ao Y AT AES B
Foe|=] Sk ARl e B71E St 71 xA R

£ AXstaal, 1W A2 SR FH] R =
e go] AFE SYsisih
2. A@M8

FqE o] Eajd EA7} g
=2 350 AHg)
Mz‘é QA AT

Table 1. Experiment factor and assessment

W/C 55%
Experiment Water-based water re
N pellent /
Factors Surfi]cie]:ir;éhmg Oil-based water repellent /
Epoxy / Urethane
Density and

absorption rate

Compressive
strength(day)

Assessment  Ajr-dried unit
volume weight(day)

Carbonation depth,
Carbonation rate
coeffecient(day)

coarse Aggregate

3,7, 14, 28

28

7, 28, 56

Table 2. Mixing design of concrete

Unit Weight(kg/m®)

Superp
Type WO/C So/a Fine Coarse |asticiz
(%) (%) Water Cement aggreg Aggreg er
ate ate
NWAC 1044
LWAC 635
W-LWAC 587
55 45 165 300 867 05
O-LWAC 579
E-LWAC 591
U-LWAC 587

% W-LWAC
NWAC : Normal-weight aggregate concrete
LWAC : Light-weight aggregate concrete

W : Water-based water repellent coating,

O : Oil-based water repellent coating
E : Epoxy coating, U : Urethane coating
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Table 3. Physical properties and chemical composition of cement

Setting time Compressive

_ Denswty Fineness  (hrmin)  lgloss strength(MPa)
Physical g/cm sz/g ey Soundness el
properties Initial  Final 3day 7day 28day

315 3376 412 501 273 012 316 448 568

Chemica 90 A FeOs CaO MO NaO KO SO;  Igloss
OMOSIN 2013 578 33 6229 242 064 106 163 273
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Table 4. Physical properties of aggregate

Maximum . absorption  Solid ~ Unit volume
i Fineness . : :
Type of aggregate Size modulls Density ratio volume  weight
(mm) (%) (%) (ka/2)
Normal™ oy e 2ey 148 w40 169
weight
coarse
aggregate | .
Wy G 10 53 & 0w
weight
Fine aggregate 5 285 2% 233 64.35 168
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Table 5. Physical properties of surface finishing materials

Component Color Density Type
Wvgtaet?rr_e%aesflee%t Sriggi?]r;e Colorless 0.96 Liquid
Wa?e”r’tr’:s;‘ﬂem SICON®  Golorless 098 Liquid
Epoxy Eooxy C(Og'%iesfs 098  Liquid
Urethane Urehane Cg%iifs 098  Liquid
2.2.4 A FAEZRSA
Hoatof| ANEH 1T ARITAIY BTl EAL

Table 63} 7t}

Table 6. Physical properties of admixture

Main ) . N
component Type Color Density Chloride Toxicity
i o light 1.18
Superplasticizer  Polycarbon - Liouid brown  +0.05 X X
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Table 7. Method of test for aggregate and concrete

Method of test

KS F 2508 “Testing method for density and

Density and absorption absorption of coarse aggregate”

rate of coarse KS F 2533 "Methods of test for particle density
aggregate and water absorption of light weight
coarse aggregate ofr structural concrete”
) KS F 2421 "Method of test for air content of
Ar armourt fresh concrete by pressure method”
Sump KS F 2402 "Method of test for slump of concrete”
[ rdted s a6 “Standard test method for urit weight
weight of structural light weight concrete”
Concrete
Compressive  KS F 2405 "Standard test method for
strength compressive strength of concrete”
KS F 2534 "Standard test method for accelerated
) carbonation of concrete”
Carbonation s = o505 “Method for measuring carboration
depth of concrete”
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oJ7]4, ¢ . Carbonation depth(mm)

A . Carbonation rate coeffecient
t . Age(week)
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T 4= Sl [8]
C,=A ng eVt —————— (Equation 2)
o7]1A, c, Carbonation depth in ambient

condition(mm)
. COy concent— ration in ambient condition(%)
A . Measured Carbonation rate coeffecient by
acceleration carbonation test
t . Age(week)

3. 4343 3% 32
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Figure 1. Water absorption rate of coarse aggregate
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Figure 2. Density of aggregate in SSD
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Figure 3. Compressive strength of concretes
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Table 8. 28 day compressive strength criteria for air-dried
unit volume weight proposed KS(Korean Industrial Standards)

Air-dried unit volume
weight(kg/m®)

Less than 1,840

28 day compressive
strength(MPa)

More than 27.0

Light weight
aggregate
concrete

Less than 1,760 More than 21.0

Less than 1,680 More than 18.0

Table 9. Air-dried unit volume weight and 28 day compressive
strength measured by test

Air-dried unit volume

28 day compressive
weight(kg/m?)

strength(MPa)

LWAC 1,831 29.6
W-LWAC 1,806 284
O-LWAC 1,794 255
E-LWAC 1,750 28.2
UHWAC 1,739 245
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Figure 5. Carbonation depth of concrete at 7 days
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Figure 6. Carbonation depth of concrete at 28 days
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Figure 7. Carbonation depth of concrete at 56 days
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Table 10. Carbonation rate coefficient of concretes

Carbonation rate coefficient
in ambient condition

Accelerated carbonation
rate coefficient

(mmy/week ) (mmy/week )
NWAC 3.15 0.45
LWAC 4.10 0.58
W-LWAC 3.85 0.55
O-LWAC 4.00 0.57
E-LWAC 3.61 0.51
U-LWAC 3.75 0.53
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